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(£) Shoulder brace. 



An adjustable shoulder brace is provided for 
stabilizing and immobilizing the shoulder fol- 
lowing an injury or surgical trauma to the soft 
tissue thereof. The shoulder brace is mountable 
on the arm and torso to isolate the shoulder and 
is fully adjustable across the abduction, flexion 
and rotation ranges of motion of the shoulder to 
enable fixation of the shoulder in virtually any 
rehabilitative position. The brace is made up of 
a series of rigid support members secured to 
the body of the patient, and a plurality of selec- 
tively rotatable and lockable joints adjustably 
interconnecting the support members. The 
combined effect of the joints simulates the 
entire range of motion of the shoulder. 
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The present invention relates to an orthopaedic 
shoulder brace, and particularly to an adjustable or- 
thopaedic shoulder brace having a plurality of rotat- 
able and lockable joints for positioning the shoulder at 
selected angles of abduction, flexion and rotation. 5 

Treatment of a shoulder following an injury or sur- 
gical trauma typically requires immobilisation of the 
shoulder for an extended period of time. A common 
means of immobilising the damaged shoulder during 
rehabilitation thereof is to place the arm connected to 10 
the damaged shoulder in a sling and secure the sling 
to the torso of the patient by a strap. Although the se- 
cured sling effectively immobilises the shoulder, the 
sling only enables immobilising the shoulder in essen- 
tially one position against the body. 15 

The shoulder is a relatively complex body joint 
having several ranges of angular motion, i.e., abduc- 
tion, flexion and rotation. It has been found that effec- 
tive rehabilitation of the shoulder requires attention to 
positioning of the shoulder with respect to all of these 20 
ranges of angular shoulder motion. Accordingly, it is 
desirable to immobilise the shoulder in a manner that 
provides for adjustment of the shoulder position 
throughout the rehabilitation. 

A body cast enclosing the arm, shoulder and tor- 25 
so has been used for selectively positioning the 
shoulder at abduction, flexion and rotation angles 
other than those afforded by a sling. However, such 
a body cast is extremely uncomfortable to the patient 
and cannot be adjusted to other positions without en- 30 
tirely recasting the patient. Furthermore, body casts 
unduly limit certain desired mobility of the patient, 
. otherwise detracting from rehabilitation of the shoul- 
der. In addition, body casts hinder the ability of the pa- 
tient to maintain good personal hygiene because they 35 
obstruct access to the axilla. 

Accordingly, efforts have been made to develop 
an easily removable and adjustable shoulder brace. 
One such brace is commercially available which pro- 
vides an adjustable range of the shoulder abduction 40 
angle. The brace employs anterior and posterior rigid 
support bars which extend from the hip of the patient 
to the axilla where each is joined anteriorly and pos- 
teriorly by selectively rotatable and lockable joints to 
anterior and posterior rigid support bars extending 45 
the length of the upper arm. 

Although this brace provides advantages over a 
sling or a cast, it has nevertheless been found to be 
uncomfortable for the patient to wear for long periods 
of time, particularly when sitting against a back sup- so 
port or sleeping on the back because of the rigid pos- 
terior components. Furthermore, the brace does not 
provide for adjustment of the shoulder flexion or rota- 
tion angles during rehabilitation. 

It is desirable to provide a shoulder brace that en- 55 
ables adjustable positioning of the shoulder. It is also 
desirable to provide a shoulder brace that provides in- 
dependently adjustable positioning of the shoulder 



across all three ranges of angular motion, i.e., the 
shoulder abduction, flexion and rotation angles. 

The present invention aims to overcome or at 
least alleviate some of the disadvantages of prior art 
braces. 

According to the present invention, there is pro- 
vided an adjustable shoulder brace mountable on a 
human body having a torso and an arm attached 
thereto at a shoulder, the arm having an upper arm 
and a forearm attached to the upper arm at an elbow, 
said shoulder brace comprising: 

a substantially rigid support member; 

means for anchoring said rigid support mem- 
ber to the torso; 

means for supporting the upper arm; 

means for connecting said upper arm support 
means to said support member; 

means integral with said connecting means for ' 
selectively fixing a shoulder abduction angle; 

means integral with said connecting means for 
selectively fixing a shoulder flexion angle; and 

means integral with said upper arm support 
means for selectively fixing a shoulder rotation angle. 

The shoulder brace is generally relatively com- 
fortable when mounted on a patient, even for extend- 
ed periods of time. It can reduce interference with a 
patient's ability to sit or recline against t he back. It can 
reduce obstruction of the axilla, thereby permitting 
the patient to practice good personal hygiene. 

The brace has specific utility for rehabilitation of 
the shoulder following an injury or surgical trauma, 
and in particular following an injury or surgical trauma 
to the soft tissue of the shoulder. The shoulder brace 
can maintain the shoulder relatively comfortably and 
unobtrusively in a fixed, yet adjustable, position that 
facilitates rehabilitation of the shoulder throughout 
the healing period, and particularly during the acute 
rehabilitation phase immediately following an injury or 
surgery. 

The adjustable shoulder brace of the present in- 
vention is mountable on the arm and torso of a human 
patient to isolate the connective shoulder therebetw- 
een. The body-mounted brace is desirably fully ad- 
justable across the three ranges of motion of the 
shoulder, i.e., abduction, flexion and rotation, to en- 
able fixation of the shoulder in virtually any rehabili- 
tative position. In a preferred embodiment of the pres- 
ent invention, the brace is a support assembly com- 
prising a series of rigid support members secured to 
the body of the patient, and a plurality of selectively 
rotatable and lockable joints adjustably interconnect- 
ing the support members. Preferably each joint is only 
rotatable within a single plane, since a combination of 
three such joints in series can simulate the entire 
range of motion of the shoulder. The components of 
the brace are described hereafter in the context of the 
body parts with which they align and interact. 

The support members can include a rigid torso 
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bar and a rigid upper arm linkage. According to one 
embodiment of the present invention, there is provid- 
ed an adjustable shoulder brace mountable on a hu- 
man body having a torso and an arm attached thereto 
at a shoulder, the arm having a proximal upper arm 5 
and a distal forearm attached to the upper arm at an 
elbow, said shoulder brace comprising: 

a rigid torso, bar having a proximal end and a 
distal end; 

a rigid upper arm linkage (54) having a proxi- 10 
mal end, a distal end and a longitudinal axis; and 

a joint assembly adjustably connecting said 
torso bartosaid upper arm linkage (54), wherein said 
joint assembly includes a shoulder abduction joint 
(72) having a first axis of rotation for selectively fixing 15 
a shoulder abduction angle between the upper arm 
and torso, and a shoulder flexion joint (74) having a 
second axis of rotation for selectively fixing a shoulder 
flexion angle between the upper arm and torso. 

The torso bar may have a hip cuff attached to it 20 
which, in concert with a plurality of straps, secures 
the distal end of the torso bar to the hip of the patient, 
thereby maintaining the torso bar in a substantially 
fixed position relative to the torso. The secured torso 
bar accordingly can extend from the hip to the axilla. 25 
The upper arm linkage similarly may have a cuff at- 
tached to it, which, in concert with a plurality of straps, 
may secure the upper arm linkage to the underside 
of the upper arm, thereby maintaining the upper arm 
linkage in a fixed position relative to the upper arm. 30 
The secured upper arm linkage desirably extends 
from the axilla to the elbow along the underside of the 
upper arm. 

The proximal end of the torso bar and the proxi- 
mal end of the upper arm linkage can be adjustably 35 
connected to one another across an axilla assembly 
positioned anterior to the body at or near the axilla. 
The axilla joint assembly can be made up of a shoul- 
der abduction joint and a shoulder flexion joint in ser- 
ies with the abduction joint being adjacent to the torso 40 
bar and the flexion joint being adjacent to the upper 
arm linkage. 

The shoulder abduction joint may have a lock 
mode and a rotation mode of operation. In the rotation 
mode, the abduction joint is freely rotatable about an 45 
axis of abduction rotation to any one of a plurality of 
shoulder abduction angles in the plane of rotation. In 
this embodiment of the present invention, the abduc- 
tion joint can be fixed in a selected shoulder abduction 
angle when switched from the rotation mode to the 50 
lock mode. 

The shoulder flexion joint likewise may have a 
lock mode and a rotation mode of operation. In the ro- 
tation mode, the flexion point may be freely rotatable 
about an axis of flexion rotation to any one of a plur- 55 
ality of shoulder flexion angles in the plane of rotation 
flexion angle when switched to the lock mode. 

The abduction and flexion joints are desirably fix- 



ably positioned relative to each other such that the 
planes of abduction and flexion rotation are at all 
times aligned substantially perpendicular to each 
other. The axes of abduction and flexion rotation can 
likewise be aligned perpendicularly to each other. 
The axis of abduction rotation can also be aligned per- 
pendicular to the longitudinal axis of its adjacent sup- 
port member, the torso bar, and similarly the axis of 
flexion rotation can be aligned perpendicular to the 
longitudinal axis of its adjacent support member, the 
upper arm linkage. 

A shoulder rotation joint can be further provided, 
integral with upper arm linkage. As with the shoulder 
abduction and flexion joints, the shoulder rotation 
joint can have a lock mode and a rotation mode of op- 
eration. In the rotation mode, the joint can be freely 
rotatable about an axis of rotator rotation to any one 
of a plurality of angles in the plane of rotation. The ro- 
tation joint can be fixed at the selected shoulder ro- 
tator angle when switched from the rotation mode to 
the lock mode. 

Unlike the other joints, however, the shoulder ro- 
tation joint may have an axis of rotation that is coli near 
with the longitudinal axis of its adjacent support mem- 
ber, the upper arm linkage. Preferably, the axis of 
shoulder rotator rotation is aligned substantially per- 
pendicularly to the axis of shoulder flexion rotation at 
all times. 

The support members may further include a fore- 
arm bar. The forearm bar may have a cuff attached 
to it which, in concert with a plurality of straps, can se- 
cure the forearm bar to the underside of the forearm, 
thereby maintaining the forearm bar in a substantially 
fixed position relative to the forearm. The secured 
forearm bar can extend from the elbow to the wrist 
along the underside of the forearm. The distal end of 
the upper arm linkage and the proximal end of the 
forearm bar can be adjustably connected to one an- 
other across an elbow flexion joint, having a config- 
uration and operating modes similar to the shoulder 
abduction and flexion joints. The elbow flexion joint 
can thus, be freely rotatable in the rotation mode and 
fixable at a selected elbow flexion angle in the lock 
mode. 

The present invention will now be described, by 
way of example only, with reference to the accompa- 
nying drawings, in which similar references charac- 
ters refer to similar parts:- 

Figure 1 is an anterior perspective view of the ad- 
justable shoulder brace of the present invention 
mounted on the body of a patient. 

Figure 2 is a posterior perspective view of the ad- 
justable shoulder brace of Figure 1 mounted on the 
patient. 

Figure 3 is an exploded perspective view of the 
support assembly of the adjustable shoulder brace of 
Figure 1 . 

Figures 4A and 4B are an exploded perspective 
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view of the rotatable and lockable joints of the adjust- 
able shoulder brace of Figure 1 divided into two fig- 
ures at the junction of the axilla joint assembly and 
the upper arm linkage. 

Figure 5 is a diagrammatic view of the adjustable 
axes and planes of rotation enabled by the shoulder 
brace of the present invention. 

Referring initially to Figure 1, the adjustable 
shoulder brace of the present invention, generally 
designated 10, is shown mounted on the body 12 of 
a patient. The brace 1 0 is described hereafter with the 
shoulder 14a serving as a reference point, such that 
elements of the brace 10 located near the shoulder 
14a are termed "proximal" and elements of the brace 
10 located away from the shoulder 14a are termed 
"distal 0 . It is further noted that although the brace 10 
described hereafter is configured for rehabilitative 
treatment of the shoulder 14a, it is apparent to one 
skilled in the art that the brace 10 can be readily 
adapted for similar rehabilitative treatment of the op- 
posite shoulder 14b. 

The brace 10 is mounted on the body 12 by 
means of a support assembly comprising a plurality 
of cuffs, including a hip cuff 16 formed from a stiff- 
ened sheet of plastic that is nevertheless sufficiently 
flexible to conform to the contour of the hip 18 engag- 
ed by the cuff 16. Afoam hip pad 20 is positioned be- 
tween the hip 18 and hip cuff 16forthe comfort of the 
patient. The hip pad 20 is attached to the hip cuff 16 
by a conventional hook and loop fastener, commonly 
termed a VELCRO fastener ("VELCRO" is a trade 
mark). 

A padded belt 22 is tightly fastened around the 
midsection of the patient over the hip cuff 16 and pad 
20, thereby pressing the cuff 16 and pad 20 firmly 
against the hip 18 in conformance therewith to se- 
cure the brace 10 atthe hip 18. The belt22 is fastened 
to itself and to the hip cuff 16 by means of VELCRO 
fasteners. 

The brace 10 is further secured to the body 12 at 
the upper arm 24 and forearm 26 of the patient. An 
upper arm cuff 28 is provided to engage the upper 
arm 24. The upper arm cuff 28, like the hip cuff 16, 
is formed from a stiffened sheet of plastic that is con- 
formable to the body contours engaged by the cuff 
28. The cuff 28 is also provided with an upper arm 
foam pad 30 that is positioned between the upper 
arm 24 and cuff 28 and is attached to the upper arm 
cuff 28 by a VELCRO fastener 

A pair of flexible cloth upper arm straps 32a, 32b 
are threaded through slots 34 in the cuff 28 and tightly 
fastened around the upper arm 24 over the cuff 28 
and pad 30, thereby pressing the cuff 28 and pad 30 
firmly against the upper arm 24 in conformance 
therewith to secure the brace 10 at the upper arm 24. 
The straps 32a, 32b are fastened to themselves and 
to the upper arm cuff 28 by means of VELCRO fas- 
teners. 



A forearm cuff 36 is provided to engage the fore- 
arm 26. The forearm cuff 36 is formed from a rigid 
sheet of metal that is preformed to conform to the 
body contours engaged by the cuff 36. Like the upper 

5 arm cuff 28, the forearm cuff 36 is provided with a 
foam forearm pad 38 that is positioned between the 
forearm 26 and attached to the forearm cuff 36 by a 
VELCRO fastener. A spherical foam hand bolster 40 
is attached to the distal end of the forearm cuff 36 to 

10 provide support for the hand 42. The bolster 40 also 
provides a means for exercising the arm while the 
shoulder 14a is immobilized by firmly gripping the 
bolster 40 with the hand 42. 

A pair of flexible cloth forearm straps 44a, 44b 

15 are threaded through slots 46 in the cuff 36 and tight- 
ly fastened around the forearm 26 over the cuff 36 
and pad 38, thereby pressing the cuff 36 and pad 38 
firmly against the forearm 26 to secure the brace 10 
at the forearm 26. The straps 44a, 44b are fastened 

20 to themselves and to the forearm cuff 36 by means 
of VELCRO fasteners. 

The above-described cuffs 16, 28, and 36 are in- 
terconnected by means of a plurality of rigid support 
members joined across a plurality of selectively rotat- 

25 able and lockable joints. Specifically, a rigid torso bar 
48 formed from a strong lightweight naterial, such as 
aluminum or a composite, is distally attached to the 
hip cuff 16 and extends upward from the hip 18 along 
the anterior of the torso 50 to the anterior of the axilla 

30 52. Adjustable attachment of the torso bar 48 to the 
hip cuff 16 is provided in a manner described here- 
after to enable fitting of the brace 1 0 to different body 
sizes. 

A rigid metal upper arm linkage 54 is attached to 

35 the upper arm cuff 28 in a freely rotatable manner by 
means of a rotatable mounting assembly 56. The link- 
age 54 extends away from the axilla 52 along the un- 
derside of the upper arm 24 to the elbow 58. The link- 
age 54 comprises a female bar 60 having a male bar 

40 62 extending therefrom to provide telescopic adjust- 
ment of the length of the linkage 54 in a manner de- 
scribed hereafter, thereby enabling fitting of the 
brace 10 to different arm lengths. 

A rigid metal forearm bar 64 is attached to the 

45 forearm cuff 36 and extends away from the elbow 58 
along the underside of the forearm 26 to the wrist 66. 
Adjustable attachment of the forearm bar 64 to the 
forearm cuff 36 is provided by selectively releasabie 
knobs 68a, 68b in a manner described hereafter to 

so further enable fitting of the brace 10 to different arm 
lengths. 

A joint assembly 70 proximally joins the torso bar 
48 to the upper arm linkage 54 at the anterior of the 
body 12 near the axilla 52. The joint assembly 70 
55 comprises a shoulder abduction joint 72 at the proxi- 
mal end of the torso bar 48 and a shoulderf lexion joint 
74 at the proximal end of the upper arm linkage 54. 
The joints 72 and 74 are orthogonally connected 

4 
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across a union member 76. A shoulder rotation joint 
78 integral with the upper arm linkage 54 is further 
provided to rotatably connect the female bar 60 and 
the male bar 62. Finally, an elbowflexion joint 80 joins 
the distal end of the upper arm linkage 54 to the prox- 
imal end of the forearm bar 64 at the underside of the 
elbow 58. 

For the comfort of the patient, a foam pad 82 is 
positioned between the shoulder abduction joint 72 
and the axilla 52, and is attached to underside of the 
abduction joint 72 by a VELCRO fastener. Similarly, 
a fleece-covered foam pad 84 is positioned between 
the elbow flexion joint 80 and the elbow 58 and is at- 
tached to the underside of the joint 80 by a VELCRO 
fastener. Afoam pad 86 is also fitted around the torso 
bar 48 for the comfort of the patient. 

Mounting of the brace 10 on the body 12 is addi- 
tionally secured by a flexible cloth shoulder strap 88 
and chest strap 90. The shoulder strap 88 passes 
through a first strap loop 92a riveted to one edge of 
the hip cuff 1 6, over the opposite shoulder 14b of the 
patient, and through a second strap loop 92b riveted 
to the opposite edge of the hip cuff 16 as shown in 
Figure 2. Afoam pad 94 is provided around the strap 
88 where it engages the shoulder 14b for the comfort 
of the patient. The strap 88 is fastened onto itself by 
VELCRO tabs attached to its ends. 

The chest strap 90 passes through a first strap 
loop 96a riveted to one edge of the torso bar 48, 
around the chest 98 of the patient, and through a sec- 
ond strap loop 96b riveted to the opposite edge of the 
torso bar 48. Afoam pad 100 is provided around the 
strap 90 where it engages the right side of the chest 
98. The strap 90 is fastened onto itself by VELCRO at- 
tached to its ends. Straps 88, 90 overlap on the an- 
terior side of the patient and are secured to one an- 
other at the point of overlap by a VELCRO strip 101 . 

Figure 2 shows the posterior configuration of the 
brace 10. It is apparent from Figure 2 that the poster- 
ior of the brace 10 is substantially free of any rigid 
structural components, thereby enabling the patient 
to recline or sit posteriorly with a minimum of discom- 
fort. The posterior configuration also provides unob- 
structed access to the axilla 52 for improved personal 
hygiene during extended periods of use of the brace 
10. 

Referring now to Figure 3, the support assembly 
of the shoulder brace 10 is described in greater detail. 
The support assembly is shown to comprise the torso 
bar 48, upper arm linkage 54 and forearm bar 64, con- 
nected to the hip cuff 16, upper arm cuff 28, and fore- 
arm cuff 36, respectively. 

Adjustable connection of the torso bar 48 to the 
hip cuff 16 is provided by a mounting bracket 102 riv- 
eted to the hip cuff 16. A longitudinal slot 104 is 
formed in the mounting bracket 102 to receive a 
threaded male member 106. The male member 106 
extends away from the body through the slot 104, 



through a swivel-prevention bracket 108 slidably 
positioned over the mounting bracket 102, and 
through a distal aperture 110 in the torso bar 48. An 
adjustment knob 112 having corresponding female 

5 threads is threadably attached to the end of the male 
member 106 extending through the aperture 110. 

Selective attachment of the distal end of the torso 
bar 48 to the hip cuff 16 at any point along the length 
of the slot 104 enables adjustment of the distance be- 

10 t ween t he hip cuff 1 6 and axilla joint assembly 70 for 
a proper fit of the brace 10. Adjustment of the dis- 
tance is accomplished by loosening the knob 112 and 
sliding the male member 106, swivel- prevention 
bracket 108 and torso bar 48 in unison to the desired 

15 point along the slot 104. The knob 112 is then tight- 
ened back down onto the torso bar 48 to securely fas- 
ten the bar 48 to the hip cuff 16 at that point. 

The mounting assembly 56 rotatably attaches the 
upper arm linkage 54 to the upper arm cuff 28. The 

20 mounting assembly 56 comprises a mounting mem- 
ber 114, rivets 116a, 116b, and a stiffener 118. The riv- 
et 116a extends through the upper arm linkage 54, 
mounting member 114, stiffener 118, and upper arm 
cuff 28, thereby serving as an axis of rotation to en- 

25 able free rotation of the cuff 28 about the rivet 116a 
relative to the linkage 54. The rivet 116b fixes the stiff- 
ener 118 to the cuff 28. 

Adjustable connection of the forearm bar 64 to 
the forearm cuff 36 is provided by threaded bolts 

30 120a, 120b extending through latitudinal slots 122 in 
the cuff 36 and through a longitudinal slot 124 in the 
forearm bar 64. Knobs 68a, 68b have corresponding 
female threads that are threadably attached to the 
ends of the bolts 120a, 120b, respectively, extending 

35 through the slot 1 24. The position of the forearm cuff 
36 on a patient can be adjusted for a proper fit of the 
brace 10 by loosening the knobs 68a, 68b and sliding 
the bolts 120a, 120b and cuff 36 in unison to the de- 
sired point along the slot 124. The knobs 68a, 68b are 

40 then tightened back down onto the forearm bar 64 to 
securely fasten the bar 64 to the forearm cuff 36 at 
that point. 

A plurality of VELCRO fasteners 1 26 are provided 
on the inner side of the forearm cuff 36 to fasten the 

45 forearm pad 38and straps 44a, 44b thereto. Thefore- 
arm pad 38 also has a pocket 128 formed in its distal 
end which receives and secures the spherical bolster 
40. The bolster 40 is further secured to the forearm 
cuff 36 by inserting a hooked distal end 130 of the cuff 

so 36 into a slit 1 32 in the bolster 40. 

A plurality of VELCRO fasteners 1 34 are likewise 
provided on the inner side of the upper arm cuff 28 
to fasten the upper arm pad 30 and straps 32a, 32b 
thereto. Although not shown, VELCRO fasteners are 

55 similarly positioned on the inner side of the hip cuff 
16 to fasten the hip pad 20 thereto and on the inner 
side of the joints 72 and 80 to fasten pads 86 and 84, 
respectively, thereto. It is further noted that VELCRO 
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tabs are provided on the ends of all straps 32a, 32b, 
44a, 44b, 88, 90, as well as the belt 22 (not shown in 
Figure 3) to enable fastening of the respective straps 
and belt onto themselves. VELCRO fasteners 1 36 are 
also provided on the outer side of the hip cuff 16 to 5 
fasten the belt 22 to the cuff 16. 

Referring now to Figures 4A and B, the internal 
components of the joints of the shoulder brace 10 are 
described. Because the joints 72, 74, and 80 have 
substantially the same components, the description 10 
hereafter of the el bow flexion joint 80 applies likewise 
to the shoulder abduction and flexion joints 72, 74, ex- 
cept where otherwise noted. Common components of 
the joints 72, 74, 80 are identified by common refer- 
ence numbers, differing only by the letter suffix. As is 
such, the components of the elbow flexion joint 80 are 
identified by the suffix "a", while common compo- 
nents of the shoulder abduction and flexion joints 72 
and 74 are identified by the suffixes °b n and "c", re- 
spectively. 20 

The elbow flexion joint 80 rotatably connects the 
forearm bar 64 and upper arm linkage 54, and en- 
ables selective locking of the joint 80 in a desired an- 
gle of elbow flexion. Accordingly, the proximal end of 
the forearm bar 64 is provided with a flattened first 25 
mounting face 138a and the distal end of the upper 
arm linkage 54 is provided with a flattened second 
mounting face 140a abutting flush against the first 
mounting face 138a. 

The second mounting face 140a has a central 30 
aperture 142a through it with a plurality of notches 
144a formed around the peripheral edge of the aper- 
ture 142a at regular 40° intervals. A hub 146a abuts 
the second mounting face 140a on the opposite side 
of the first mounting face 138a. The hub 146a has 35 
raised interior portions 148a of a sufficiently short- 
ened radial length to enable the interior portions 1 48a 
to fit within the aperture 142a entirely clear of the 
notches 144a. 

The raised portions 148a of the hub 146a are 40 
separated by recessed oval-shaped channels 150a at 
regular 90° intervals dividing the hub 146a into quad- 
rants. Each channel 150a has a lock member 152a 
and a spring 154a slidably positioned therein. The ra- 
dial length of the channels 150a are greater than the 45 
radial length of the raised portions 148a, such that 
the lock members 152a can slide radially outwardly 
within the channels 150a to selectively engage the 
notches 144a in a manner described hereafter. 

The mounting faces 138a, 140a and hub 146a so 
with its attendant lock members 152a and springs 
154a are secured in their relative positions by a plur- 
ality of rivets 156a extending through holes 158a, 
160a positioned to receive the rivets 156a in the hub 
146a and face 138a, respectively. A cam knob 162a 55 
is mounted atop the hub 146a and has a center hole 
164a aligned with a threaded center hole 166a in the 
hub 146a. A security screw 168a slidably extends 



through the center hole 164a and is threaded into the 
center hole 166a of the hub 146a. A spring washer 
1 70a and an adjusting knob 1 72a are also provided to 
facilitate tightening and loosening of the security 
screw 168a. 

The cam knob 162a has a continuous recessed 
interior cam edge 174a that engages a peg 176a in- 
tegral with and extending from each of the lock mem- 
bers 152a through an opening 178a in the hub 146a 
above each recessed channel 150a which is sized to 
prevent the passage of lock member 152a there- 
through. As will be shown, placement of the cam knob 
162a in one of two positions enables selection of the 
lock or rotation operating mode of joint 80. 

In operation, each lock member 152a and spring 
154a is positioned in a channel 150a with the spring 
154a abutting the central edge of the channel 150a 
and biasing the lock member 1 52a toward the periph- 
eral edge of the channel 150a. The peg 1 76a extend- 
ing through the opening 1 78a engages the cam edge 
174a of the cam knob 162a positioned atop the hub 
146a. When the cam knob 162a is turned to a first 
position where the portion of the cam edge 174a 
abutting the peg 176a is closest to the center hole 
166a, the peg 176a is urged radially inward within 
opening 178a against the force of the spring 154a. 
Movement of the peg 176a concurrently causes the 
lock member 1 52a to slide radially inward within chan- 
nel 150a until the lock member 152a is clear of any 
notches 144a. Thus, the joint 80 is positioned in the 
rotational mode of operation, wherein the forearm bar 
64 is free to rotate through all angles of rotation rela- 
tive to the upper arm linkage 54. 

In contrast, when the cam knob 162a is turned to 
its second position where the portion of the cam edge 
174a abutting the peg 1 76a is furthest from the center 
hole 166a, the peg 176a is no longer urged radially in- 
ward within opening 178a by the cam knob 162a. The 
spring 154a consequently causes the lock member 
1 52a to slide radially outward within channel 1 50a un- 
til the lock member 152a enters a notch 144a at a se- 
lected angle of rotation. The force of the spring 154a 
and the configuration of the notch 144a and lock 
member 152a prevent the notch 144a from releasing 
the lock member 152a until the cam knob 162a is re- 
turned to its first position. Thus, the joint 80 is posi- 
tioned in the lock mode of operation, wherein the fore- 
arm bar 64 and upper arm linkage 54 are fixed rela- 
tive to one another at the selected angle of rotation. 

Angle gradations (visible as 181c on joint 74 in 
Figure 4A) are placed around the periphery of the 
second mounting face 140a and reference pointers 
183a are formed on the periphery of the hub 146 to 
facilitate location of the desired elbow flexion angle 
between the forearm bar 64 and upper arm linkage 
54 in the lock mode. The security screw 168a can also 
be tightened down to prevent inadvertent movement 
of the cam knob 162a from the second locking posi- 
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tion. 

It is noted that due to the 40° spacing of the 
notches 144a and the 90° spacing of the channels 
150a, a lock member 152a aligns with a notch 144a 
at thirty-six different angles of rotation. Accordingly, 5 
the joint 80 has angular locking increments of 10° 
through 360° of rotation. 

All of the components recited above are common 
to the three joints 72, 74, and 80. However, unlike the 
joint 80, joints 72 and 74 are further provided with 10 
cross-shaped spacers 180b, 180c that fit atop the 
lock members 152b, 152c within channels 150b, 
150c, respectively and with flat washers 182b and 
182c that fit between the first and second mounting 
faces 138b and 140b, 138c and 140c, respectively. 15 
The joints 72 and 74 nevertheless operate in substan- 
tially the same manner as the joint 80. Thus, the 
shoulder abduction joint 72 provides for selection of a 
shoulder abduction angle between the torso bar 48 
and the upper arm linkage 54. The shoulder flexion 20 
joint 74 provides for selection of a shoulder flexion an- 
gle between the torso bar 48 and upper arm linkage 
54. 

The shoulder rotation joint 78 is distinguishable 
from the joints 72, 74, and 80 described above insofar 25 
as the joint 78 is integral with the upper arm linkage 
54. As such, the axis of rotation of the joint 78 is col- 
linear with its adjacent support member 54, whereas 
the axes of rotation of the remaining joints 72, 74, and 
80 are perpendicular to the respective adjacent sup- 30 
port members 48, 54, or 64. 

The shoulder rotation joint 78 comprises the tub- 
ular female bar 60 and the externally-threaded hex- 
agonally-shaped male bar 62 both formed from rigid 
metal. The bars 60 and 62 are adjustably connected 35 
to one another by assembly of a pair of gear members 
184 and 186, a rotation angle adjustment nut 188, a 
length adjustment nut 190, a retention screw 191 and 
a pair of bushings 192a, 192b. 

The rotation angle adjustment nut 188 has a rel- 40 
atively large proximal opening 194 and a relatively 
small distal opening 196 creating a distal shoulder 
198 adjacent to the small distal opening 196. The 
large proximal opening 194 is sized to fit over the dis- 
tal end 200 of the female bar 60 and has internal 45 
threads that are sized to be threadably received by 
external threads 202 on the distal end 200 of the bar 
60. The small opening 196 is sized to receive the ta- 
pered distal end 204 of the second gear member 186 
which is freely rotatable therein, while the shoulder so 
198 blocks the widened proximal end 206 of the sec- 
ond gear member 1 86 from passing through the small 
opening 196. 

The second gear member.186 has a plurality of 
radial teeth on its proximal face 208 and is provided 55 
with a hexagonal bore 210 therethrough, which pre- 
vents rotation of the male bar 62 therein, but enables 
slidable longitudinal movement of the bar 62 there- 



through. The bushing 192a has a central opening 212 
sized to be slip fitted over the proximal end 214 of the 
male bar 62 and acts as a bearing surface for rotation 
of the bar 62. 

The first gear member 184 hasa plurality of radial 
teeth on its distal face 21 6 which are sized to lockingly 
engage the radial teeth on the proximal face 208 of 
the second gear member 186 when in abutment 
therewith. The first gear member 184 is sized to be 
press fittingly received by the distal opening 218 of 
the female bar 60 and is provided with a cylindrical 
bore 220 therethrough which enables free rotation of 
the male bar 62 therein. The bushing 192a is of suf- 
ficient diameter to prevent it from passing through the 
cylindrical bore 220. The length adjustment nut 190 
has a widened proximal opening 222 sized to fittingly 
receive the tapered end 204 of the second gear mem- 
ber 186 and has a narrowed distal bore 224 there- 
through, having internal threads to threadably re- 
ceive the male bar 62. 

The joint 78 is assembled by initially threading 
the length adjustment nut 190 onto the threads of the 
male bar 62. The tapered distal end 204 of the second 
gear member 186 is then inserted through the small 
distal opening 196 of the rotation angle adjustment 
nut 1 88 and t he member 1 86 and nut 1 88 are slid onto 
the male bar 62. The distal end 204 of the second 
gear member 186 is fitted into the proximal opening 
222 of the length adjustment nut 190 to couple the ro- 
tation and length adjustment nuts 188, 190 to one an- 
other, while permitting independent rotation thereof. 
The first gear member 184 is slid onto the male bar 
62 and the bushing 192a is fitted onto the proximal 
end 214 of the bar 62. 

The retention screw 191 is slip fitted through the 
center of bushing 192b to distally extend therefrom 
and the screw 191 and bushing 192b are inserted into 
the open proximal end 225 of the female bar 60 which 
is in communication with the distal opening 218 
across an interior bore. The proximal end 214 of the 
male bar 62 is inserted into the distal opening 218 of 
the female bar 60, and the first gear member 184 is 
press fitted over the distal opening 218. An internally 
threaded bore (not shown) is provided in the proximal 
end 214 of the male bar 62 that is threadably engag- 
ed by the retention screw 191 to fixedly secure the 
bushing 192b on the proximal end 214. The bushing 
1 92b is of sufficient outside diameter to prevent distal 
withdrawal of the male bar 62 past a circumferential 
ridge (not shown) formed around the inside diameter 
of the female bar 60. 

To operate the joint 78 in the lock mode, the de- 
sired angular orientation of the second mounting face 
140a, and correspondingly the angular orientation of 
the entire forearm support assembly, is selected and 
the rotation adjustment nut 188 is tightened down 
onto the female bar 60 to engage the radial teeth of 
the second gear member 186 with the radial teeth of 
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the first gear member 1 84. To operate in the rotation 
mode, the rotation adjustment nut 188 is simply loos- 
ened until the two sets of radial teeth disengage per- 
mitting the male bar 62 to rotate freely relative to the 
female bar 60. 5 

The length of the upper arm assembly linkage 54 
can be adjusted to fit the upper arm of the patient ir- 
respective of the position of the rotation adjustment 
nut 188 without altering its position. Length adjust- 
ment is provided by turning the length adjustment nut w 
190 in one direction to threadably draw the male bar 
62 from the distal opening 218 of the female bar 60 
and lengthen the linkage 54. The bushing 192b on the 
proximal end 214 of the male bar 62 acts as a stop to 
prevent the male bar 62 from entirely disengaging the 15 
female bar 60. Turning the length adjustment nut 190 
in the other direction threadably feeds the male bar 
62 back into the distal opening 21 8 of the female bar 
60 to shorten the linkage 54. 

The adjustable orientation of the brace 10 to sim- 20 
ulate the three ranges of motion of the shoulder, i.e., 
abduction, flexion and rotation, is further described 
with reference to the schematic representation of the 
brace 10 in Figure 5. The adjustable range of shoulder 
abduction is provided by the shoulder abduction joint 25 
72 which has an axis of abduction rotation represent- 
ed by an arrow 226 extending perpendicularly relative 
to the joint 72 and the torso bar 48. Circular arrow 228 
contains the range of selectable abduction angles 
and lies on the plane of abduction rotation. The ab- 30 
duction joint 72 and torso bar 48 also lie within this 
plane. 

' The adjustable range of shoulder flexion is pro- 
vided by the shoulder flexion joint 74 that is connect- 
ed to the shoulder abduction joint 72 across the union 35 
76. The flexion joint 74 has an axis of flexion rotation 
represented by an arrow 230 extending perpendicu- 
larly relative to the joint 74 and the upper arm linkage 
54. Circular arrow 232 contains the range of select- 
able flexion angles and lies on the plane of flexion ro- 40 
tation. The flexion joint 74 and upper arm linkage 54 
also lie within this plane. It is further apparent that the 
axis of flexion rotation 230 is perpendicular to the axis 
of abduction rotation 226 and that the plane of flexion 
rotation 232 is perpendicular to the plane of abduction 45 
rotation 228. 

The adjustable range of shoulder rotation is pro- 
vided by the shoulder rotator joint 78 that connects 
the female bar 60 to the male bar 62 of the upper arm 
linkage 54. The rotator joint 78 has an axis of rotator so 
rotation represented by an arrow 234 extending col- 
llnearly with the longitudinal axis of the upper arm 
linkage 54. Circular arrow 236 contains the range of 
selectable rotator angles and lies on the plane of ro- 
tator rotation. The plane of rotator rotation 236 is per- 55 
pendicular to the axis of rotator rotation 234 as well 
as the plane of flexion rotation 232. 



Claims 

1. An adjustable shoulder brace (1 0) mountable on 
a human body having a torso and an arm attach- 
ed thereto at a shoulder, the arm having an upper 
arm and a forearm attached to the upper arm at 
an elbow, said shoulder brace comprising: 

a substantially rigid support member (48); 
means for anchoring said rigid support 
member to the torso; 

means (24,54) for supporting the upper 

arm; 

means (70) for connecting said upper arm 
support means to said support member; 

means (72) integral with said connecting 
means for selectively fixing a shoulder abduction 
angle; 

means (74) integral with said connecting 
means for selectively fixing a shoulder flexion an- 
gle; and 

means (78) integral with said upper arm 
support means for selectively fixing a shoulder 
rotation angle. 

2. Ashoulder brace (10) as recited in claim 1 further 
comprising: 

means (36,64) for supporting the forearm; 

means (80) for connecting said forearm 
support means to said upper arm support means; 

means integral with said forearm support 
connecting means for selectively fixing an elbow 
flexion angle. 

3. Ashoulder brace (10) as recited in claim 2 where- 
in said elbow flexion angle selection means (80) 
is an elbow flexion joint having a lock mode and 
a rotation mode of operation, further wherein said 
elbow flexion joint is freely rotatable in said rota- 
tion mode to any one of a plurality of el bow flexion 
angles on a plane of elbow flexion rotation and 
f ixable in said lock mode to any one of said plur- 
ality of elbow flexion angles. 

4. Ashoulder brace (10) as recited in any preceding 
claim wherein said shoulder flexion angle select- 
ing means (74) is a shoulder flexion joint having 
a lock mode and a rotation mode of operation, fur- 
ther wherein said shoulder flexion joint is freely 
rotatable in said rotation mode to any one of a 
plurality of shoulder flexion angles on a plane of 
flexion rotation and f ixable in said lock mode to 
any one of said plurality of shoulder flexion an- 
gles. 

5. A shoulder brace (1 0) as recited in any preceding 
claim wherein said shoulder abduction angle se- 
lecting means (72) is a shoulder abduction joint 
having a lock mode and a rotation mode of oper- 
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ation, further wherein said shoulder abduction 
joint is freely rotatable in said rotation mode to 
any one of a plurality of shoulder abduction an- 
gles on a plane of abduction rotation and f ixable 
in said lock mode to any one of said plurality of 
shoulder abduction angles. 

6. A shoulder brace (1 0) as recited in any preceding 
claim wherein said should fixation joint (74) and 
said shoulder abduction joint (72) are aligned 
such that said plane of flexion rotation is substan- 
tially perpendicular to said plane of abduction ro- 
tation. 



rotatable in said rotation mode to any one of a 
plurality of shoulder rotation angles on a plane of 
rotator rotation and f ixable in said lock mode to 
any one of said plurality of shoulder rotation an- 
gles. 

9. A shoulder brace (1 0) as recited in any preceding 
claim wherein said shoulder flexion joint (74) has 
an axis of flexion rotation and said shoulder rota- 
tion joint has an axis of rotator rotation, further 
wherein said axis of flexion rotation and said axis 
of rotator rotation are orthogonally aligned rela- 
tive to each other such that said plane of flexion 
rotation is substantially perpendicular to said 
plane of rotator rotation. 



flexion joint (74) having a second axis of rotation 
for selectively fixing a shoulder flexion angle be- 
tween the upper arm and torso. 

5 11. A shoulder brace (10) as recited in claim 10 
wherein said first and second axes of rotation are 
substantially perpendicular. 

12. A shoulder brace (10) as recited in claim 10 or 
10 claim 11 wherein said joint assembly adjustably 

connects said proximal end of said torso bar to 
said proximal end of said upper arm linkage. 

13. A shoulder brace (10) as recited in any of claims 
10 to 12 further comprising a rigid forearm bar 
having a proximal end and a distal end, wherein 
said proximal end of said forearm bar is adjust- 
ably connected to said distal end of said upper 
arm linkage. 

14. A shoulder brace (10) as recited in claim 13 fur- 
ther comprising an elbow flexion joint adjustably 
connecting said proximal end of said forearm bar 
to said distal end of said upper arm linkage for se- 
lectively fixing an elbow flexion angle between 
the forearm and upper arm. 

15. A shoulder brace (10) as recited in any of claims 
10 to 14 comprising a shoulder rotation joint con- 
so nected to said upper arm linkage and having a 

third axis of rotation for selectively fixing a shoul- 
der rotation angle between the upper arm and 
torso. 

35 16. A shoulder brace (10) as recited in claim 15 
wherein said shoulder rotation joint (78) is integral 
with said upper arm linkage (54) such that said 
third axis of rotation of said shoulder rotation joint 
is colinear with said longitudinal axis of said up- 

40 per arm linkage (54). 



7. A shoulder brace (1 0) as recited in any preceding 1 5 
claim wherein said brace has an anterior face and 
a posterior face, further wherein said shoulder 
flexion joint (74) and said shoulder abduction joint 
(72) are both positioned on said anterior face. 

20 

8. A shoulder brace (1 0) as recited in any preceding 
claim wherein said shoulder rotation angle select- 
ing means (78) is a shoulder rotation joint having 
a lock mode and a rotation mode of operation, fur- 
ther wherein said shoulder rotation joint is freely 25 



10. An adjustable shoulder brace mountable on a hu- 
man body having a torso and an arm attached 
thereto at a shoulder, the arm having a proximal 
upper arm and a distal forearm attached to the 
upper arm at an elbow, said shoulder brace com- 
prising: 

a rigid torso, bar having a proximal end and 
a distal end; 

a rigid upper arm linkage (54) having a 
proximal end, a distal end and a longitudinal axis; 
and 

a joint assembly adjustably connecting 
said torso bar to said upper arm linkage (54), 
wherein said joint assembly includes a shoulder 
abduction joint (72) having a first axis of rotation 
for selectively fixing a shoulder abduction angle 
between the upper arm and torso, and a shoulder 



17. A shoulder brace (10) as recited in any of claims 
10 to 16 wherein said shoulder flexion joint (74) 
has a lock mode and a rotation mode of operation, 

45 further wherein said shoulder flexion joint (74) is 
freely rotatable in said rotation mode of any one 
of a plurality of shoulder flexion angles on a plane 
of flexion rotation and f ixable in said lock mode 
to any one of said plurality of shoulder flexion an- 

50 gles. 

18. A shoulder brace (10) as recited in any of claims 
10 to 17 wherein said shoulder abduction joint 
(72) has a lock mode and a rotation mode of op- 

55 oration, further wherein said shoulder abduction 
joint (74) is freely rotatable in said rotation mode 
to any one of a plurality of shoulder abduction an- 
gles on a plane of abduction rotation and f ixable 
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in said lock mode to any one of said plurality of 
shoulder abduction angles. 

19. A shoulder brace (10) as recited in any of claims 
10 to 18 wherein said shoulder flexion joint (74) 
and said shoulder abduction joint (72), when in 
use, are positionable substantially anterior to the 
body. 
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